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Despite the ever increasing practices of e-learning, most workplace e-learning applications fail to meet the learners’ needs 
and ultimately fail to serve the organization’s quest for success. The dominance of technology-oriented approaches makes e-
learning applications less goal-effective, and makes them perceived to be of poor quality and design. To solve this problem, a 
performance oriented approach is presented in this study. This approach aims to align the individual learning needs vis-à-vis 
the organizational goals and makes learning connected with work performance. Based on the approach, a prototype system 
has been developed that uses intelligent agent and ontology technology. A set of experiments have been conducted to 
demonstrate the effectiveness of the approach. 
Keywords 
E-learning, workplace, intelligent agent, ontology. 
INTRODUCTION 
E-learning is emerging as a popular approach for enhancing the skills of knowledge workers. It is increasingly being used by 
organizations, especially by small and medium-sized enterprises, due to its flexibility to access; just-in-time delivery; and 
cost-effectiveness (Sambrook, 2003; Loots, Osborne and Seagraves, 1998). Despite the ever increasing practices of e-
learning in the workplace, most of them performed poorly in motivating employees to learn. Significant gaps exist between 
corporate interests and learner needs when it comes to e-learning (Brink, Munro and Osborne, 2002; Servage, 2005). For 
individuals, although knowledge can be learned by participating in e-learning programs, more often, they do not think e-
learning is helpful since knowledge learned cannot help improve their work performance. For organizations, e-learning is 
generally designed without taking into account the organizational vision and mission. As a result, most e-learning 
applications fail to meet the needs of learners and ultimately fail to serve the organization’s quest for success in the 
knowledge economy (Tynjälä and Häkkinen, 2005; Servage, 2005; Moon, Birchall, Williams and Charalambos, 2005). 
Moreover, it is found that current e-learning development tends to focus on technical issues of design and ignores 
pedagogical and organizational issues that are necessary for effective e-learning programs. Most applications lack a sound 
pedagogical underpinning in the use of e-learning, and fail to understand the learning behavior that takes place in an 
organizational and social context (Tynjälä et al., 2005; Moon et al., 2005). The dominance of technology-oriented approaches 
makes e-learning practices less goal-oriented, and hence makes them to be perceived as poor in quality and design.  
A further review of the root cause of the problem reveals that much of e-learning research is based on formal courses in 
educational institutions, where students represent an easily accessible group for research purposes (Moon et al., 2005). 
Corporations as learning arenas are different from schools. Workplace learning is built on practical tasks and work situations 
with the aim to serve organizational goals. Learning in the workplace takes place in the context of use and application, and 
the result often remains implicit and embedded in work practices. Moreover, learning is more collaborative in workplace 
settings, where sharing individual knowledge with co-workers is an important element in the learning process. 
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To solve this problem, pedagogical principles and organizational learning theories are needed to form the basis for the design 
and implementation of e-learning applications in work environments (Welle-Strand and Thune, 2003). For e-learning to 
become successful, a systemic and rational approach is vital in which considerations on pedagogy, organization, and 
technology must be integrated and balanced (Servage, 2005; Collin, 2006). This underscores the need for choreographing the 
learning activities in light of corporate interests, individual needs, work performance, and social context. The development of 
workplace e-learning should consider the alignment of individual and organizational learning needs, the connection between 
learning and work performance, and the communication between individuals (Ran, Wang and Law, 2008a). 
To achieve this, a performance oriented and agent-based approach is presented in this study. A set of key performance 
indicators (KPIs) has been set up to represent a set of measures focusing on the different aspects of organizational and 
individual performance. The KPI framework helps show a clear picture to each individual in the organization as to what is 
important and what they need to do and learn. By using the performance oriented approach, corporate training and individual 
learning activities together with social interaction and knowledge transfer process are facilitated by linking them to relevant 
work context and performance indicators. Moreover, agent and ontology technologies are used to implement the approach. 
Intelligent agents are computer programs that support individual learning processes as a personal tutor or counselor. 
Ontologies, on the other hand, provide a semantically structured space allowing more effective search and navigation in the 
learning environment. The use of ontologies makes the concept of intelligent agent supported e-learning become more 
achievable (Mahmood and Ferneley, 2006). In this study, a group of intelligent agents are developed to facilitate individual 
learning processes and make them adapt to both individual and organizational learning requirements. The mechanisms 
needed to operationalize the approach are explored and elaborated with conceptual frameworks and implementation details. 
To demonstrate the effectiveness of the approach, a prototype of workplace e-learning system has been developed with 
relevant experiments to evaluate the effectiveness of the approach. 
REQUREMENT ANALYSIS 
In order to gain a better understanding of workplace learning, we refer to the fundamental elements of a learning environment 
addressed in (Illeris, 2003): learners; learning content; social context; and other learning stakeholders (such as organization, 
society, or parents). An effective workplace learning application should take into consideration the following four elements 
as well as their interactions. First, employees are adult learners with distinctive learning characteristics. Even assigned with 
an identical task, employees would have different learning needs and expectancies as a result of different educational 
background, working history, and learning performance. Second, different from formal learning in educational institutions, 
learning in the workplace is linked to organizational goals and needs. It focuses on organizational systems; structures; 
policies; and institutional forms of knowledge to link individual and organizational learning. Third, learning content in the 
workplace is more contextual and dynamic in that knowledge in the workplace is disseminated within an organization and 
arises from employees’ daily activities and interaction with the working environment (Raelin, 1998). Fourth, learning in the 
workplace can be understood as social networking between learners, which allows the creation and transfer of knowledge 
among individuals; groups; and organizations. 
Based on the above analysis, learning activities in the workplace should be directed in light of corporate interests, individual 
needs, work performance, and social context. The development of workplace learning applications should consider the 
alignment of individual and organizational learning needs, the connection between learning and work performance, and the 
interaction between individual learners (Ran and Wang, 2008b). 
PROPOSED APPROACH AND SYSTEM DESIGN 
To meet the aforementioned requirements of e-learning in the workplace, a performance oriented approach is presented in 
this study. In this approach, a set of key performance indicators (KPIs) has been set up to represent a set of measures focusing 
on different aspects of organizational and individual performance that are critical for the success of the organization. The 
rationale for why and how we use the performance oriented approach in workplace learning is discussed below.   
Performance Oriented Approach Using KPI 
Performance measurement is used by organizations as a procedure to improve performance by setting performance objectives, 
assessing performance, collecting and analyzing performance data, and utilizing performance results to drive further 
development (Parmenter, 2007; Slizyte and Bakanauskiene, 2007; Baker, 1995). Key Performance Indicators (KPIs) are 
financial and non-financial metrics used to help an organization define and measure progress towards organizational goals.  
The KPI framework has special meaning to workplace learning which involves organizational strategy, structure, and 
systems. KPI bridges the gap between an organization’s mission and its employees’ targets, making organizational goals 
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accomplishable. KPI can be used to help employees set up rational learning objectives according to the knowledge gap. It can 
be used as a systemic scheme to organize and manage learning resources (e.g., learning objects, assessment packages, and 
discussion items) in line with work context and performance. 
A key performance indicator (KPI) framework is designed based on an organization’s structure and job system. It consists of 
three levels: organizational level; business unit level; and position level. Key performance indicators on the organizational 
level are defined according to business goals and strategies. Derived from the organizational KPIs, the unit KPIs for each 
business unit are specified. Based on the unit KPIs, the KPIs for each job position within the unit are defined. In this study, 
we focus on KPIs at the position level which have closer relationships with e-learning in the workplace.  
The KPI at the position level consists of three components: KPI item; rating criterion; and KPI value. KPI items are a set of 
performance indicators specified for a job position. For example, “Bug Found” and “Bug Returned” can be defined as two 
KPI items for a junior tester job position. For each KPI item, rating criterion is set up to assess related performance of a KPI 
item. The proficiency level achieved by an employee is called a KPI value for a certain KPI item. An employee’s 
performance measure result is a set of KPI values of his/her job position. 
Tests or quizzes can be used to assess how an employee achieves a certain KPI item. For impartiality and objectivity reasons, 
most organizations use 360 degree feedback to assess employees’ performance. It means that the employee’s performance 
could be assessed by the employee him/herself, his/her supervisor, his/her subordinate, or his/her peers, in addition to taking 
standard tests. Each appraiser gives the employee a set of KPI values, and each appraisal is given a certain weight. As the 
overall result, a set of KPI values will be calculated to evaluate the employee’s work performance.  
Multi-Agent Architecture 
 
Figure 1. Intelligent Agents in KPI-Oriented Workplace E-Learning 
There is an increasing interest in the use of embodied agents in e-learning environments. Intelligent agents are computer 
programs that may support individual learning processes as personal tutor, personal assistant, mentor, academic counselor, 
lecturer, entertainer, buddy, and peer (Mahmood and Ferneley, 2006). Intelligent agents – the so called e-assistants or e-
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helper – can reside on a computer and make the learning happen dynamically to suit the needs of the learner. Intelligent 
agents can customize the content and process of e-learning accord-ing to the learner’s knowledge, skill, and preference, and 
play a major role in making e-learning demand-based. To implement the performance oriented learning approach, the 
architecture of an agent-based workplace e-learning system is depicted in Figure 1. The system contains several types of 
agents such as interface agent and learner agent. A learner agent is developed to guide and facilitate the employees’ learning 
process, and three interface agents are built for interaction between the user (learner, expert, or training manager) and the 
learning system.  
 The Learner Interface Agent enables the learner to access learning resources, share and evaluate learning materials, assess 
learning performance, and maintain personal information.   
 The Expert Interface Agent enables the expert to process and maintain learning materials, generate and update learning 
objects based on learning materials, manage and involve in discussions with learners, and maintain the learning ontology. 
 The Training Manager Agent enables the training manager to maintain the KPI framework, learners’ profiles, learning 
instructions, and assessment base.  
 The Learner Agent is to guide individual learning by adapting the individual learning process to both job requirements and 
the learner’s background and work performance. The mechanism how the system guides and facilitates e-learning in the 
workplace is elaborated in the following subsection. 
Performance Oriented Learning Ontology 
A KPI framework is used to identify the KPI items of each job position in an organization. To improve work performance, 
relevant capabilities need to be developed; the e-learning system is to help employees to develop the capabilities via learning 
relevant knowledge. To implement the KPI-oriented approach, an ontology is used to conceptualize the knowledge of the 
learning environment into a machine-readable format. Ontology is a formal representation of a set of concepts within a 
domain and the relationships between those concepts (Gruber, 1993). As an AI technique, ontologies have been proposed as 
an important way to represent real world knowledge. In the education domain, ontologies have been used to design the 
semantic infrastructures of learning objects, model personalized learning environments, and facilitate search and navigation 
in the learning environment via reasoning in multiple contexts (Knight, Gašević and Richards, 2006). With the use of 
ontologies, sophisticated e-learning scenarios can be realized and the concept of intelligent agents supporting e-learners 
across time and space becomes a reality (Mahmood and Ferneley, 2006).  
In this e-learning system, the main concepts include position; key performance indicator (KPI); capability; and knowledge 
component (KC). The relationships between these concepts or classes are specified in Table 1. Based on these concepts and 
their relations, the learning ontology can be defined for guiding the learning processes. In this study, a prototype system has 
been developed for PEANUT, a medium-sized software company. In this prototype, we focus on e-learning development in 
the Testing unit. Testing is an important and mandatory part of software development. It is essential for evaluating the quality 
of software products by identifying defects and problems. The learning ontology designed for the testing position is presented 
in Figure 2. The KPI framework of this position is constructed based on the company’s standards as well as IEEE standards 
for software testing introduced in (Bertolino, 2001). As shown in Figure 2, “Bug Found” and “Bug Returned” are specified as 
the KPI items for the position “Junior Tester”. To improve the performance on “Bug Found”, the employees need to develop 
the capabilities including “Bug Reporting” and others. To develop the “Bug Reporting” capability, the employees may need 
to learn relevant knowledge components (KCs) such as “Test Fundamentals”, “Defect-based Metrics”, and so on. 
Name Present Domain Range Description 
Prior position Prp(A,B) Position Position Position A is the prior position of Position B 
Has indicator Hind(A,B) 
Position Indicator B is a Key Performance Indicators for Position 
A 
Need capability Cap(A,B) 
KPI Capability To improve Key Performance Indicator A, 
capability B is needed 
Require KC Rkc(A,B) 
Capability KC To develop Capability A, Knowledge 
Component B is required to learn 
Is part of Par (A,B) KC KC Knowledge Component A is a part of 
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Knowledge Component B 
Sequential Seq(A,B) 
KC KC Knowledge Component B is the prerequisite of 
knowledge Component A 
Inhibitor Inh(A,B) KC KC 
If Knowledge Component A is learned, 
Knowledge Component B can be ignored 
Table 1. Concepts and their Relations 
 
Figure 2. A Part of Learning Ontology for Testing Position 
From the learning ontology, appropriate learning processes can be figured out based on the relationships between capabilities 
and KCs. To do this, relevant learning instructions are specified to deal with the relations. For example, a capability can be 
acquired after its prerequisite is achieved. Furthermore, an individual learning process should also consider the learner’s 
knowledge gap, which can be identified by using assessment methods. The details of the process are described below. 
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 An employee’s job performance is evaluated and recorded as a set of KPI values. If one or more KPI values of the 
employee do not reach the required level, an improvement is needed.  
 Based on the learning ontology, the Learner Agent identifies a set of KCs that are relevant for the KPI items to be 
improved, and generates a customized exam paper to test the employee’s knowledge.  
 The Learner Agent creates or updates the employee’s learning profile based on the result of the exam. 
 If the exam result is consistent with the KPI value, the Learner Agent generates a personalized learning syllabus (a set of 
KCs and their relations) to guide the learning process of the employee. Otherwise, the employee will be recommended to 
consult a domain expert.  
 According to the learning syllabus or process guideline, the Learner Agent recommends a number of learning objects that 
are related to the KCs to the employee. During the learning process, quizzes are provided for the employee to assess their 
level of understanding of the subject matter.  
 If the employee is not able to pass the quiz within a reasonable time frame, the Learner Agent will provide additional 
learning objects or suggestion such as: supplement materials relevant to the KCs; prerequisite knowledge that the learner 
should have already mastered before he/she was promoted to the current position; and any advice from the domain experts. 
 The employee may continue to learn until he/she quits the learning process. 
In addition to the individual learning process, social networking is also facilitated in the learning environment. Learners are 
able to share and evaluate learning resources, discuss their learning problems or experiences at forums, and conduct peer 
evaluation of work performance. Each employee is provided with a KPI identification, i.e., a set of KPI values that indicates 
his/her expertise and proficiency level, stored in the learner’s profile. Learners including experts are able to get familiar with 
each other based on KPI identifications and contribution to the learning community. In this way, self-directed and socially 
constructed learning activities in the workplace are effectively directed via the integration of organizational interests; 
individual needs; work performance; and social context. 
Agent Supported Learning Process 
The details of how the Learner Agent guides and facilitates the individual learning process through appropriate reasoning 
mechanism are as follows. We use first order logic (De Bruijn and Heymans, 2008) to express the reasoning process.  
 Identify the knowledge components required for the position – KCP 
Given the position Pi, the KPI items of the position can be found through the “Has indicator” relation. In the same way, a set 
of capabilities associated the KPI items, and a set of KCs linked to the capabilities can be found. In this way, the set of KCs 
that are directly related to the position Pi can be identified, denoted as KCP (Pi). As shown in Figure 2, KCP for the position 
“Lead Test Specialist” (P3) is identified as follows. 
KCP(P3)={Project Scheduling, Test Levels, Test Estimation, Evaluation Test Completion, Test Team Models, Test 
Documentation, Risk Analysis, Risk Identification, Risk Control} 
 Identify the knowledge components required for the employee to improve his/her work performance – KCE  
Given the employee’s work performance recorded as KPI values, the KPI items to be improved by the employee can be 
highlighted as outstanding KPI items. Based on the relationship between the KPI items, capabilities, and KCs, a set of KCs 
that are directly linked to the capabilities under the outstanding KPI items can be found, denoted as DKCE for the employee. 
In the example shown in Figure 2, if the employee’s performance in “Schedule Achievement Rate” and “Deviation Rate” 
does not meet the requirement of his/her position, namely, Lead Test Specialist (P3), the DKCE for this employee E1 is 
specified as follows. 
DKCE(P3, E1)={Project Scheduling, Test Levels, Test Estimation, Evaluation Test Completion, Test Documentation}  
In addition to DKCE, the KCs that are not directly linked to the capabilities under the KPI items are also necessary for the 
position, such as Test Target; Test Metrics; and Test Objectives in the example. We denote all the KCs for an employee Ej at 
a position Pi as AKCE(Pi, Ej). DKCE is a subset of AKCE. With the following rules, AKCE can be reasoned out from DKCE. 
 DReq (a) ^ Seq (a, b)  AReq (b) 
 DReq (a) ^ Par (b, a)  AReq (b) 
 DReq (a) ^ Inh (a, b)  AReq (b) 
where DReq (a) means KC a is in DKCE, and AReq (b) means KC b is in AKCE. 
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If the position Pi has one or more prior positions (P0, P1, …, Pi-1) we assume that the employee has already mastered the 
knowledge for the prior positions before he/she takes the current position Pi. Thus, the necessary KCs for the employee Ej at 
the position Pi, denoted as KCE(Pi, Ej), can be reasoned out of AKCE(Pi, Ej) by removing those KCs related to the prior 
positions as follows:  
 KCE(Pi, Ej)=AKCE(Pi, Ej) - ∑KCP(Pm), where m=0, 1, …, i-1 
The results of this reasoning for the example at hand are highlighted in Figure 3.  
 
Figure 3. Reasoning with Learning Ontology 
 Identify the knowledge components that have not been mastered by the employee – RKCE 
Based on KCE, a customized exam paper will be generated to test the employee’s knowledge status. Based on the test results, 
the KCE can be further refined into RKCE by removing the KCs that have been mastered by the employee. Moreover, if KC 
a has an alternate or inhibitor KC b, there is no need to learn KC a and KC b at the same time. The rules for refinement are 
specified as follows. 
( ) ( ) ( , ) ( )
( ) ( ) ( ( , ) ( )) ( ) | ( , ) ( ( , ) ( , ))
ref
ref
Req a Mas a bInh a b Req a
Req a Mas a b Inh a b Mas b Req x Inh x a b Inh a b Hsc x b
  
     
 
Where ( )Req a means KC a is covered in KCE; ( )refReq a  means KC a is in RKCE; ( )Mas a  means KC a has been mastered 
by the user; and Hsc(a, b) means the test score of KC a is higher than that of KC b.  
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In the example, the test exam results show that the learner has mastered the KCs “Evaluation Test Completion” and “Test-
Case-based Metrics”; and the score for “ADM Diagram” is higher than that of “PDM Diagram”. Based on the reasoning rules, 
the KC “Evaluation Test Completion”, “Test-Case-based Metrics”, and “PDM Diagram” are removed from the employee’s 
learning scope. 
 Generate personalized learning syllabus and learning process 
After the RKCE is generated for a position, a personalized syllabus can be generated. The syllabus is a strict partial order 
(Schröder, 2002) of KCs in RKCE. The notation “>” is used to indicate the partial order; a>b means KC a should be learnt 
before KC b.  The syllabus is determined by the following rules.  
 ; ( , )( , ) b a Par a b a bSeq a b      
Based on the example discussed above, a learning syllabus is reasoned out and shown in Figure 4. According to the syllabus, 
one or more learning paths can be figured out. 
 
Figure 4. Learning Syllabus 
IMPLEMENTATION 
The prototype is built using Java programming tools. SQL Server is used for database implementation. Moreover, Hibernate 
is used for developing persistent java objects and Struts is adopted to separate the programming code into model; view; and 
controller. To develop the KPI framework, Protégé is used to design and construct the learning ontology of capabilities. 
Protégé is a free open-source Java tool developed at Stanford University for editing ontology and knowledge framework; it 
provides a powerful environment and plug-in API for developing customized knowledge-based applications (Noy, Fergerson 
and Musen, 2000).  
In this prototype, OWL (Ontology Web Language) is used to define the ontology. OWL ontologies are most commonly 
serialized using RDF/XML syntax. OWL is supported by most ontology editors such as Protégé. In this project, learning 
ontologies for different positions (junior tester, senior tester, test specialist, and lead test specialist) have been specified and 
combined into one that represents the relationships between the position, KPI items, capabilities, and KCs. With the help of 
XML parser, the ontology is able to link to the database where information about the positions, KPI items, capabilities, and 
KCs are stored.  To implement the reasoning with ontology, a variety of semantic reasoners can be used such as Pellet, 
KAON2, RACER, Jena, FaCT, and SweetRules. We use protégé API to access Pellet (Sirin, Parsia and Grau, 2007) for 
reasoning in this project. Moreover, Protégé API is used to develop a graphical interface for editing the ontology. To 
visualize the ontology to the users, a semi-open-source component called JGarph is used for display and auto layout of the 
ontology. 
A set of screenshots of the prototype is presented in Figure 5. The learning ontology is visualized in graphs for easy 
communication of the learning context. Based on the learning ontology and the learner’s background (position, KPI values 
and test results), the Learner Agent may suggest and send a learning syllabus to the learner. The learner is able to locate the 
learning objects related to a specific KC by clicking on the KC in the ontology graph. Moreover, learners are able to share 
and evaluate learning objects as well as participate in discussions or communications. During the social communication, 
learners are able to locate peers or experts according to their background and expertise, as well as check their contribution to 
the learning community. 
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Figure 5. Screenshots of the Prototype 
EVALUATION 
To evaluate the effectiveness of the prototype, a pilot test was conducted. A full blown experimental validation is currently 
being planned. For the pilot test, we invited a number of employees who currently work or previously worked with the 
Testing Unit of the company to participate in the experiments. Two parallel prototypes are used for evaluation, the prototype 
system developed by using the KPI-oriented approach, and another one developed based on a traditional approach without 
KPI support. The participants are divided into two groups, KPI Group and Reference Group, using the two different e-
learning prototypes respectively. The data collected includes learners’ learning-outcome related data obtained through 
pretests and post tests, and participants’ perception data obtained through questionnaires and interviews. The initial findings 
from the pilot test show that: the KPI-oriented system is more effective in terms of content management and functional 
support for workplace learning; the KPI-oriented system is perceived to help learners obtain more knowledge than the non-
KPI system; the system is more helpful in enabling learners to change their learning behavior, especially in the 
transformation from individual learning to collaborative learning. On the other hand, the result of the pretest and post test 
scores shows that there is no significant difference between the two groups in the pretest or post test score. Qualitative 
feedback from the interviews has shown positive evaluation of the KPI-oriented system, especially in terms of providing a 
clear picture of what to learn for developing specific skills. The findings from the pilot study are limited due to the small 
sample size and short period of the duration of the experiment. Based on the pilot evaluation results, we will make relevant 
modification and improvement on the system for further experiment and evaluation. 
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